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NATIONAL, ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

EFFECTS OF NOSE AND AFTERBODY MODIFICATIONS ON
AFRODYNAMIC CHARACTERISTICS OF A BODY WITH
AND WITHOUT A VERTICAL TAIL AT A
MACH NUMBER OF 2.0L

By Gerald V. Foster
SUMMARY

The effects at e Mach number of 2.0l of verious changes In nose and
afterbody shape on the statlc serodynemic characteristiecs of a body of
revolution with & fineness ratio of 1l having an oglve nose, a cylindri-
cal center section, and a boattall or cylindriceal afterbody were investil-
gated. The modified nose and afterbody hed elllpticel cross sectlons and
could be orlentated with the major exis of the cross sectlion either verti-
cal or horizontal. Some body configurations were tested in combination
with a vertical tail.

The results show that positive increments of yewling moment were pro-
vided by the vertical elliptic afterbody through the angle-of-attack
renge and by the horlizontal elliptic nose at large angles of sideslip and
large angles of attack. The vertical elliptic afterbody had no signif-
icant effect on the vertlcal-tall contribution to directional stability;
whereas, the horlizontal elliptic nose Increased the directional-stabllity
contribution of the verticel tail in the presence of the vertical ellip-
tlc afterbody at low end moderate angles of attack but had an adverse
effect at high angles of aettack. The horlzontal elliptic afterbody pro-
vided negative increments of piltching moment but had no appreciable
effect on the directional stabllity of the body. The vertical elliptic
nose adversely affected the directional stabllity of the body.

INTRODUCTION

The stetic dlrectlional stebllity of many current high-speed-alrplane
configurations becomes marginal at undesirebly low angles of attack st
low supersonle Mach numbers. Thls condition is assoclated with a decrease
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in vertical-tall effectliveness and the lnherent 1lnstablility of wing-body
confligurations having high-filneness-ratio bodles wilth a far rearward
center of gravity (refs. 1 end 2). In some cases the directional stabil-
ity has been improved by en increase in vertical-fin area. (For example,
see refs. 3 and 4.) Another approach to the problem of obtaining direc-
tional stebllity has been the use of small horizontal fins on the body
nose which improved the dilrectlonal stebllity of the wing-body conflgu-
ration and thus lmproved the directional stability of the wing-body-tail
configuration. (See ref. 5.)

An Investigatlion has been conducted to determine if the contribution
of a body of revolutlion to directlonal stabllity of an airplane configu-
ration could be improved by flattening elther the nose, the afterbody,
or both. The modified nose had elliptic cross sectlons in both the verti-
cal and horizontal plane, with the volume equal to that of the baslec ogive
nose. The modified afterbody had elliptic cross sectlons, the cross-
sectlonal area of which was equal to that of the cylindrical sectlon of
the body. o '

The results presented hereln show the effects of varlous arrange-
ments of these modifications on both the longltudinel and the lateral
aerodynamic characteristics of the body rconflguration slone and in com-
binstion with a vertical tail. These data were obtalned at a Mach num-
ber of 2.01 through a range of sidesllp angle from 0°_to 20° (unless
restricted by mechanical limitations) at various angles of attack from
0° to about 25°.

SYMBOLS

The forces and moments for the varlous body confilgurations are pre-
sented in coefficlent form. The coeffliclents have been besed on the
dimensions of a wing glven in reference 6. The data are referred to the
body exis with the origin located at a point 57 percent body length from
the nose, which corresponds to a wing quarter-chord location on a body
reported in reference 6. The symbols used hereln are defined as follows:

Cy normal-force coefficlent, Fy/qS

Ca chord-force coefficient, F, [aS

Cm pltching-moment coefficient, MY/qSE
Cn yawing-moment coefflcient, My /[qaSb
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rolling-moment coefficient, My /qSb

side-force coefficient, Fy/qS
normel force

chordwise force

side force
pltching moment
yawing moment
rolling moment

free-stream dynsmic pressure, 1lb/sq ft
wing area, sq £t

wing span, £t

mean geometric chord, in.

angle of sideslip, deg

angle of attack, deg

directlonal-stabllity parameter

rolling-moment perameter

slde-~-force parameter

radius, in.

longlitudinal distance aslong fuselage center line, in.
coordinate along major axis of elliptic nose, in.
coordinete along minor axis of elliptic nose, in.

coordinate along major axis of elliptic afterbody, in.
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B coordinate along minor axis of elliptic afterbody, in.

Model notation:

~
Ny elliptic nose with mejor axis vertical
Nﬁ elliptic nose with major axis horlzontal
Ay elliptic afterbody wlth major axls vertlcal
Ag elliptic afterbody with major axis horizontal
Ap boattall afterbody
Ap cylindrical sfterbody

MODEL. AND APPARATUS

The bodles used in this lnvestlgation had elther an oglve or en
elliptic nose, a cylindrical center section, and a boattail, s cylin-
drical, or an elliptic afterbody. Coordinates of the body having an
oglve nose and boattall afterbody are presented in teble I. Detells of
the elliptic nose and elliptic afterbody are presented in figure 1l(a) -
and tables II and III. The elliptic nose was desligned so that the cross-
sectional aree at a glven body station 1s equivalent to the cross-sectional
area of the oglve nose. The cross-sectional area of the elliptlic after-
body 1s equal to the cross-sectional area of the cylindrical afterbody
and 1s constant slong the afterbody length. Both the elliptic nose and
the afterbody could be orientated with the cross-sectional major axls
elther verticael or horlzontal. The ratlo of the slde area of the ellip-
tic nose wlth the cross-sectlonal msjor axls horizontal and vertical to
the projected area of the oglve nose was 0.7l and 1.47, respectively.

The ratio of the slde area of the elliptic afterbody with the cross-
sectional meJjor axls horizontal end vertlcel to the projected area of
the boattalled afterbody was 0.90 and 1.60, respectively. The ratio of
the projected area of the boattall afterbody to that of the cylindrical
afterbody was 0.92. The ratlio of length to dlameter of the bodles was
approximately 11.

The side ares of the elllptic afterbody with the cross-sectlonal

major axle vertical was simulated by two fins made of sheet metal and
attached to the cylindrical afterbody. (See fig. 1(b).)
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The elliptic afterbody was designed so that a wvertical tall could
be installed 1n the plane of the mejor axis. The vertical tail used
with this afterbody had a taper ratlo of 0.20 snd an aspect ratio of 1.75
(1f 1t 1s assumed that the tall extended to the center line of the body).
The vertical tall used with the cylindricel afterbody was ilidentlcel in
plan form with the one used with the elliptic afterbody (fig. 2), but
because of differences in afterbodies, the exposed tall area in thls case
was 25 percent greater than that with the elliptle afterbody.

TESTS, CORRECTIONS, AND ACCURACY

The tests were conducted in the Langley L4- by L4-foot supersonic pres-
sure tunnel with the models mounted on & six-component balence attached
to & rotary-type sting. Thlis mounting permitted measurement of six-
component date through a sideslip range from 0° to 28° (unless restricted
because of mechanical limitations) at angles of attack of approximately
0°, 49, 8°, 129, 16°, 20°, and 24°. The various body configurations
investigated are shown in figure 3. The test condltions are as follows:

Mach number . . . . . « v ¢« ¢ ¢ ¢ v v v & 4 4 e v e e 2.0L
Stagnation pressure, 1b/sq in. &bs . . . . . . . . . . . . 10.0
Stagnation temperature, °F . . . . . . . . .. 000 100.0
Reynolds number, based on € =6.8 in. . . . . . . . . . . lhex 106

The stagnation dewpoint was maintained sufficiently low (-25° F or less)
so that no condensation effects were encountered in the test section.

The values of angle of attack and sideslip have been corrected for
8ting deflectlon due to load. The base pressure was measured, and the
dreg force was adjusted to a base pressure equal to the free-stream
static pressure.

The estimated errors in the Individuel measured quantlities are as
follows:

CN « = + ™ ¢ o v e o o e e e e e e e e e e e e e e . .. 0.0113

CA « + + = & et e e e e e e e e e e e e e e e e .. £0.0009

Cp v+ =+ &t h st e e e e e e e e e e e e e oo ... $0.0003

G v ¢ v« e e e e e e e e e e e e e e e e ... $0.0004

2 < e o 03

Cy............................. +0.001
I s TR
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PRESENTATION OF RESULTS

The data presented in figures 4 to 7 include the serodynamic charac-
terlstics of varlous body configuratlons investigated. A comparison of
the latersal aerodynemlic charscteristlcs of the boattall and cylindrical
afterbody configurations 1ls presented in figure 8. Figure 9 shows a
comparison of the effects of afterbody fins and vertical elliptic after-
body on the dlrectional-stablllty characteristics. Figure 10 presents
schlieren photographs of varilous body conflgurations. Results obtained
wlth varlous body configurations with a vertical taell are presented in
figures 11 to 13. Figures 14 to 16 summarize the effect of various body
modificaetions on the directlionel-stebility characteristics (B = 0°) of
body alone and body~~vertlcal-tall combinations.

DISCUSSION

Effects of Nose and Afterbody Modificetions

In general, the boattail body exhibited falrly linear variations
of Cp with B (fig. 4) which averaged spproximately -0.0018 through
the angle-of-attack renge investigated (see fig. 14). Figure 4 indicates
that a change 1n nose shape from oglivel to elliptical had an adverse
effect on the directional stabllilty throughout the engle-of-attack range
when the cross-sectional axls was vertiecal; whereas, favorable changes
in yawing moment were obtalned with the cross-sectional major axis hori-
zontal. At o = O° the horizontel elliptic nose had no significant
effect on the yawing moment at angles of sideslip below 8°; however, at
large angles of sideslip this modification Ny provided a large posi-

tive lncremental change in yawing moment.- Wlth an Increase in angle of
attack the initial stabillizing change in yawlng moment of Ny occurred

at progressively lower angles of sideslip, and an agproximately linear
variation of Cp with B at angles of attack 20.5° and 24.6° resulted.

These changes 1n directional stability of the horilzontal elliptilc nose
configuration were accompanied by destebillizing changes in pitching
moment which became progressively larger with an increase in angle of
attack. The changes in the directional characterilstlic of Ny at o = 0°

might be associlated with a rearwsrd shift of the lateral center of pres-
sure, possibly because of the effect of ‘a change in body crossflow in
the region of the nose. When the decrease in side area of Ny 1s con-

sidered, the reesrwaerd shift of the lateral center of pressure might be
assoclated with a decrease In slde force along the nose; however, it
mey be noted in figure 4 that the total side force accompenying the
inltial chenge in yawing moment was not silgnificantly affected by Ny.
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With an increase in angle of attack the nose developed & positive 1ift
increment resulting in an unstable pltching-moment ilncrement while con-
current changes in directlonsl stabllity were assoclated primarily with
a rearward shift of the lateral center of pressure, although the cause
is not readlly apparent.

The results showing the effect on the aerodynamic characteristics
of changes 1n afterbody from boattall to elliptlic are presented in fig-
ure 5. As would be expected, with an increase in side area aft of the
center of gravity, the vertical elliptic afterbody Ay provided an
Increase 1n negative slde force accompanled by a decrease in negetive
yvewlng moment for all values of o and B investlgated (also, see
fig. 14). The pitching-moment characteristics of Ay were essentially
the same as for the boattall conflguration. The horizontal elllptic
afterbody configuration, when compared with the boattail configuration,
provided a stablilizing change in pitching moment but had only & small
effect on the directionsl-stabllity characteristles. In order to deter-
mine if the effect of Ay 1s derived solely from an increase in slde

area, afterbody fins were attached in & vertlcal plane to the cylindri-
cal configuration. The projected side area of this conflgurstion was
identical to the Ay configuration. The date presented in figure 9

indicate that et angles of attack of 0° and 4° both afterbody fins and
the vertical elliptic afterbody provided an increasse in side force and
g decrease 1ln yawing moment of approximately the seme order. At higher
angles of attack the afterbody fins, in contrast to Ay, were not effec-
tive near B = 0°; wheress, at moderate angles of sideslip the fins
gppear to have resulted in & small increase in negatlve side force and
a small decrease in negative yawing moment.

The combined effects of nose and afterbody modificetions on the
aerodynamic characteristics are presented in figures 6 and 7. In general,
these data indlcate the directlonal stability of the elliptic afterbody
configuration increased with Ny (flg. 6) and decreased with Ny

(fig. 7). The changes in directional stability of the body with Ng
were greater with Ay than with Ap (fig. 6) except for large angles

of attack at low angles of sideslip. (See fig. 14, for exsmple.) The
effect of the nose modification Ny i1n conjunction with Ay resulted

in a decrease in CnB at low angles of attack which lncreased in magni-

tude with an increase in angle of attack up to 14° (fig. 14). At angles
of attack greater than 18° the NyAy conflguration exhibits more posi-

tive values of CnB than the body with an oglve nose and vertical elllp-

tic afterbody. Thls comparison was limited to a small range of sideslip
engles near B = 0° because of the nonlinearity of Cpn at moderate and

lerge aengles of sideslip. The change in C, for large sldesllp angles

‘-g “gbﬂ' m‘m‘“’ E
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of the body with NpAy was of a stabllizing nature, as in the case.of A
the body with Ny and boattall afterbody, but was appreclably larger'

in magnitude. It would appear that these changes in the directional
stabllity of NpAy milght prevent dlgressions to large sldeslip angles.

The changes in the pitching-moment charscteristics caused by Ny were

not appreclably altered by changlng the afterbody from the boattall
afterbody to the verticel elllptic afterbody.

Vertical Tall-On Configurations

Results for the confilgurations wlith the tall on the cylindrical
body or the vertical elliptic afterbody, in combination with elther the .
oglve nose or the horizontal elliptic nose, are presented in flgures 11,
12, and 13. The data for the tell-.off configurations were included In
these figures for comparison purposes. The yawlng-moment results of
the body-tail configurations lnvestigeted were essentlally linear with
sideslip angle up to an angle of attack of approximately 12°, and above
an angle of attack of 12° the yewing moments varied nonlinearly with
sideslip angle (see figs. 11 to 13). A comparison of the effects of
various modifications on CnB (fig. 16) for angles of attack up to

approximately 12° indicetes that, although the directional étability of
all tail-on configuratlons decreased gradually with an increase in angle s
of attack, both modified bodies (Ay and NgAy) exhibited a substantial

improvement in the directional stability. For example, at o = 0° a
change in afterbody configuration from cylindrical to Ay resulted in "~

an incresse in Cpg from 0.0006 to 0.0015; whereas, the improvement
obtained with NyAy was approximately 50 percent greater than with Ay.

The stabllity parameters presented in figure 16 for angles of attack

greater than approximately 12° are restricted to a range of sideslip

angle of 2° because of nonlinearity of the yawing-moment characteristiecs. ____ _
At high angles of attack figure 16 tends to indlcate that although all

tail-on configurations became directionally unstsble, the modified after-

body conflguration Ay exhlbited less negative directional stabllity

than the cylindrical sfterbody; whereas, the directional stability of
the modlfied-nose—afterbody conflguration when compared with the cylin-
drilcal afterbody configuration 1s more negative. It maey be seen by com-
pering the yawing-moment characteristics (figs. 12 end 13) that the
directional stebllity of the modified-nose—afterbody configuration
NgAy et high angles of attack and sideslip angle greater than 20 1is

more positive than the modified afterbody cohfiguration Ay.

Some insight as to the effect of these modifications cen be galned
from an examination of the tall contributlion. Comparlison of the

é-‘i AAEONN
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yawing-moment characteristics of the tell-on and tall-off configurations
(figs. 11 and 12) indicates a decrease in vertical-tall contribution with
the modified afterbody configuration Ay. This decrease is assoclated
Primerily with the decrease in exposed tall area incurred with the verti-
cal elliptic afterbody. The increase in directionsl stabllity with the
modified body WNgAy reletive to the modified afterbody conflguration

Ay was caused by an increase 1ln vertical-taill contribution (figs. 12
and 13) which might be associated with a favorable flow disturbance
emanating from the nose. At high angles of attack the Ny had an

adverse effect on the directional-stabllity contribution of the vertical
tall in the presence of Ay.

CONCLUS IONS

An investligetion conducted at a Mach number of 2.01 to determine
the effects of a change in cross-sectlonal shape of the nose and after-
body from circular to elllptic on the aerodynesmic charescteristics of a
body Indicate thet:

1. The vertical elliptic afterbody lmproved the directional stabllity
of the body alone through the angle-of-attack range and had no significant
effect on the vertical-tall contribution to the directlonal stebility.

2. The horlzontel elliptic nose provided positive Increments of
yawing moment at large angles of sidesllp and lerge angles of attack
accompanled by positlve lncrements of pitching moment. Thls nose con-
flguration lncreased the directlonsl-stablility contributlons of the verti-

* cal tell in the presence of the vertlcal elliptic afterbody at low and

moderate angles of attack but hed en adverse effect at high angles of
attack.

3. The horizontal elliptic afterbody provided negetive increments
of pltching moment, but hed no appreclable effect on the directlonal
stabllity of the body.

4. The vertical elliptic nose adversely affected the directional
stablllity of the body.

Langley Aeronautical Laboratory,
National Advisory Commlittee for Aeronautics,
Lengley Field, Va., December 16, 195T7.
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TABLE I.- COORDINATES OF BODY OF REVOLUTION

x, in r, in.
0 0
2.00 53
k.00 .96
6.00 1.28
8.00 1.51

10.00 1.63

11.67 1.67

28.56 1.67

36.64 1.38

TABLE II.- ELLIPTIC NOSE COORDINATES

x, in. €, in. D, in.
0 o] 0
1.00 Ak a7
2.00 .87 .32
3.00 1.26 45
4.00 1.66 +D5
5.00 2.04 .62
6.00 2.41 .68
7.00 2.64 .75
8.00 2.64 .86
9.00 2.45 1.02

10.00 2.19 1.22
11.00 1.95 1.41
12.00 1.79 1.55
13.00 1.70 1.6
14.00 1.68 1.68
TABLE III.~ ELLIPTIC AFTERBODY COORDINATES

x, in. A, 1n. B, in.

27.75 1.67 1.67

28.50 1.70 1.63

29.25 1.79 1.55

30.00 1.95 1.43

30.75 2.16 1.28

31.50 2.36 1.18

32.25 2.45 1.13

33.00 2.49 1.12

3%.50 2.50 1.11

36.64 2.50 1.11
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4 - - - 333
_tf Lo 4
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Nose vertical

Nose horizontal

Station
36.64
880-
333 C +
e
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Afterbody vertical

e
~

Afterbody horizontal

Afterbody fing

Figure 1.~ Details of elliptlc nose end elliptic afterbody. All dimen-
sions are in inches.
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Station

32.18
[17— <t -

f«<—— 586 ——

Station
32.18

LI7 — ke :
l ]

6.15

Figure 2.- Schematic view of vertical tail. All dimensions are in
inches.
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<~ - —1—Ny Ay -

Figure 3.- Side velw of various body configurations. All dimensions
are 1ln inches.
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Configuration
o] AB
C " Ny
¢ Ny

-4 0 4 8 12 6 20 24 28 3

(a) a = 0°.

Figure L4.- Aerodynamic characterlstics in sideslip of a body with vari-
ous nose configurations.
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B i Configuration
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;E":
Ca .02
o2 !; z -
O ::.L H
0 8 2 16 20 24 28 32
B, deg

(a) Concluded.

Figure 4.- Continued.
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2 16 20 24 28
B, deg

(b) a = 4.1°.

Figure 4.- Continued.
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08

Cm 04 [iaes

Configuration
o) Ag
o NH

& Ny

.04

0 4 8 2 16 20 24 28 32

B, deg
(b) Concluded.

Figure 4.- Continued.
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(e) o = 8.2°.

Figure 4.- Continued.
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Configuration
Ag
m} Ny
<o Ny

i2 16 20 24 28

B, deg

(c) Concluded.

Flgure 4.- Contlinued.
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Cn

B, deg

() o = 12.3°,

Figure 4.- Continued.
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Cm
Cn
Configuration
A
S
O Ny
Ca

0 4 8 12 16 20 24 28 32
B, deg

(d) Conecluded.

Figure k.- Continued.
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2 16 20 24 28 I
B, deg

(e) o = 16.)4-0.

Figure 4.~ Continued.
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Configuration
o A
o N
Cm
+
Cn
Ca

B, deg

(e) Conecluded.

Figure 4.- Continued.
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-4 0 4 8 2 16 20 24 28 3R

B, deg

(f) a = 20.5°. .

Figure 4.~ Continued.
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Configuration
o]
O Ny
S Ny

0O 4 8 12 16 20 24 28 3
B: deg

(£) Concluded.

Figure 4.- Continued.
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Configuration
o Ag
i NH
& Ny

"4 0 4 8 12 16 20 24 28 3
B, deg

(S) o4 = 2)4-.60.

Figure 4.- Continued.
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0O 4 8 12 16 20 24 28 3
B, deg

(g) Concluded.

Figure 4.- Concluded.
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Configuration
c A

o  AS

<

-4 0 4 8 12 16 20 24 28 R
B, deg

(a) o = 0°.

Figure 5.- Aerodynamlic characteristics of a body in sldeslip with vari-
ous afterbody configurations.
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Configuration

o
O Ag
&

.04

Cm Q&

-04

.04

12 6 20 24
B, deg

(a) Concluded.

Figure 5.~ Continued.
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